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DESCRIPTION 

DBR-TYPE VARIABLE -WAVELENGTH LIGHT SOURCE 

5 TECHNICAL FIELD 

[0001] The present invention relates to a wavelength tunable 
distributed Bragg reflector (DBR) laser, more particularly, 
relating to a wavelength tunable distributed Bragg 
reflector (DBR) laser which can attain a continuous 
10 wavelength tuning in a wider band by using a single wavelength 
control current . 



BACKGROUND ART 

[0002] DBR lasers have been used as a wavelength tuning 
15 light source for optical communication, and have already 
been reported the lasing mechanism and wavelength tuning 
mechanism (for example in Non-Patent Document 1 and 
Non-Patent Document 2). 

[0003] FIG. 12 is a view for explaining a basic structure 
20 of a wavelength tunable distributed Bragg reflector (DBR) 
laser in prior arts. FIG. 12A is a cross sectional view 
showing a face vertical to a substrate 11 and including 
an optical waveguide. FIG. 12B is a cross sectional view 
(top view) showing a face parallel to the substrate 11 and 
25 including a cross section taken along line XIIB-XIIB 
illustrated in FIG. 12A. At the wavelength tunable 
distributed Bragg reflector (DBR) laser, passive region 
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optical waveguides 13a and 13b are integrated on both sides 
of an active region optical waveguide 12 provided on the 
substrate 11. Electrical isolating regions 15a and 15b 
are provided, respectively, at the active region optical 
5 waveguide 12 and on a border of passive region optical 
waveguides 13a and 13b. In contact with the electrical 
isolating regions 15a and 15b, DBR (Distributed Bragg 
Reflector) regions 14a and 14b constituted by a diffraction 
grating are provided, respectively, in the passive region 

10 optical waveguides 13a and 13b. An upper clad layer 9 is 
formed on the top and the side of each of the above optical 
waveguides. Lasing wavelength of the wavelength tunable 
distributed Bragg reflector (DBR) laser is determined by 
selecting only the longitudinal -mode wavelength available 

15 in Bragg reflection band of DBR regions 14a and 14b among 
longitudinal -mode wavelengths determined by cavity length . 
[0004] Electrical isolating regions 15a and 15b are 
high-resistant regions. For forming ohmic contact with 
electrodes 18a, 18b and 18c, an InGaAsP layer (not 

20 illustrated in FIG. 12A) formed on the upper clad layer 
9 is partially removed to provide the electrical isolating 
regions 15a and 15b. Namely, the electrical isolating 
regions 15a and 15b have functions of isolating and 
separating an active region current 16 from a DBR control 

25 current 17 . 

[0005] Corrugations are formed at a predetermined pitch 
inside the DBR (Distributed Bragg Reflector) regions 14a 
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and 14b. Light of a wavelength corresponding to the pitch, 
or light of Bragg wavelength is selectively exposed to an 
intense reflection. Actually, a high reflection band with 
several-nm bandwidth is formed at the center of Bragg 
5 wavelength and the DBR acts as a diffraction grating inside 
the high reflection band. 

In FIG. 12A, the electrical isolating regions 15a and 15b 
are denoted as an area where the above -described diffraction 
grating is not available. Since an electric current will 

10 not flow through the electrical isolating regions 15a and 
15b, due to a high resistance as explained previously, 
providing a diffraction grating will not make any 
contribution to a change in the refractive index in these 
regions. There may be, therefore, no problems, if a 

is diffraction grating is formed in the electrical isolating 
regions 15a and 15b. 

[0006] The wavelength tunable distributed Bragg reflector 
(DBR) laser is constituted in such a way that an active 
region current 16 is injected via an electrode 18C into 

20 an active region optical waveguide 12, and a DBR control 
current 17 is injected via electrodes 18a and 18b into DBR 
regions 14a and 14b. The DBR control current 17 is injected 
into DBR regions 14a and 14b , by which a change in refractive 
index will occur in the DBR regions 14a and 14b. In 

25 association with the change in refractive index, it is 
possible to shift both the above -described longitudinal 
mode wavelength and Bragg wavelength toward shorter 
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wavelengths . 

[0007] However, sensitivity of the wavelength shift in 
association with the change in refractive index resulting 
from injection of the DBR control current 17 into the DBR 
5 regions 14a and 14b is greater in the Bragg wavelength than 
in the longitudinal mode wavelength. Namely, the Bragg 
wavelength will more quickly shift toward shorter 
wavelengths, because in a laser cavity constituted by the 
active region optical waveguide 12 and passive region 

10 optical waveguides 13a and 13b , injection of the DBR control 
current 17 will impart a change in refractive index only 
to the passive region optical waveguides 13a and 13b or 
to the DBR regions 14a and 14b . Namely, the Bragg wavelength 
shift reflects only a change in refractive index in the 

15 DBR regions 14a and 14b, whereas the longitudinal mode 
wavelength shift reflects a change in refractive index in 
a whole laser cavity. In general, the longitudinal mode 
wavelength shift quantity can be calculated by the following 
formula ( 1 ) . 

20 [0008] [Formula 1] 

L a + L cir-f + leff-r 



[ 0009 ] In the above formula ( 1 ) , AA, C denotes the longitudinal 
mode wavelength shift quantity; X c denotes the longitudinal 
mode wavelength; AX B denotes the Bragg wavelength shift 
25 quantity; X B denotes the Bragg wavelength; L eff . f and L eff _ r , 
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respectively, denote the effective length in anterior 
(front) and posterior (rear) DBR region; L a denotes the 
active region length. Herein, L e ff is an effective length 
of DBR regions 14a and 14b. This length is called an 
5 effective length and defined according to Non-Patent 
Document 2 . 

[0010] Here, a detailed explanation will be made for a DBR 
(distributed Bragg reflector) and its effective length. 
As described above, corrugations are formed at a 

10 predetermined pitch inside the DBR region. Light of a 
wavelength corresponding to the pitch, or light of the Bragg 
wavelength , is selectively exposed to an intense reflection . 
A high reflection band with several-nm bandwidth is formed 
at the center of the Bragg wavelength and the DBR acts as 

15 a diffraction grating inside this high reflection band. 
[0011] FIG. 13 is a view for explaining how reflection 
proceeds in the DBR regions 14a and 14b. Light of a 
wavelength in the high reflection band in which Bragg 
reflection is produced is subjected to a distributional 

20 reflection, as shown in FIG. 13. Therefore, a propagating 
length detected by light is shorter than an actual length 
of DBR regions 14a and 14b. This length is called the 
effective length. 

FIG. 14 and FIG. 15 are figures showing calculation results 
25 of the effective length in relation to the length of DBR 
region (on the assumption that waveguide propagating loss 
Fa = 10cm" 1 ). FIG. 14 is a view in which the coupling 
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coefficient of the corrugation k is used as a parameter 
to show the relationship of a length of the DBR region with 
the effective length. FIG. 15 is a tabulation covering 
a saturated effective length value in individual coupling 
5 coefficients K. 

[0012] As shown in FIG. 14 and FIG. 15, where DBR regions 
14a and 14b are short in length (where in FIG. 13, the length 
of the DBR region is in a range in which the length of regions 
61a or 61b contributes to an increase/decrease in effective 

10 length) , the effective length will increase linearly in 
relation to the length of the DBR region. In contrast, 
where DBR regions 14a and 14b are made longer in length 
(where in FIG. 13, the length of the DBR region is in a 
range in which the length of regions 62a or 62b hardly 

15 contributes to an increase/decrease in effective length) , 
values of the effective length will be saturated and converge 
on a certain saturated effective length value. 
[0013] As with the effective length, the reflectivity of 
the DBR region will increase with the length of the DBR 

20 region . Propagating light is subjected to the most intense 
reflection in the DBR region near an active region. 
Therefore, when the DBR region is made long to some extent, 
the reflectivity will be convergent to a certain value. 
As described above, the effective length of a DBR 

25 (diffraction grating) is an optical path length detected 
by propagating light, when a distributional reflection of 
the diffraction grating is taken into account. Thus, the 
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reflectivity and the effective length show a quite similar 
behavior of increase/decrease with respect to length of 
the diffraction grating, namely, DBR region. 
[0014] Where DBR regions and active region are integrated 
5 to constitute a wavelength tunable distributed Bragg 
reflector (DBR) laser, the reflectivity is influenced by 
coupling loss at junction parts of active region with DBR 
regions. Thus the reflectivity is not an appropriate 
parameter in designing a device. The effective lengths 

10 reflecting the reflectivity and free of an influence of 
the coupling loss at junction parts of active region with 
DBR regions have been used as parameters in designing a 
device . The effective lengths of DBR regions are parameter 
related to laser cavity length , longitudinal mode interval , 

15 Bragg reflectivity and others, and it is possible to design 
an effective DBR laser by taking into account a value of 
the effective length. 

[0015] The numerator (L eff . f +L ef f- r ) which is the second item 
from the right in the formula (1) denotes a sum of the 

20 effective lengths in refractive index variable regions 
(namely, DBR regions), the denominator (L a +L eff _ f +L eff . r ) 
denotes an entire cavity length. Strictly, lengths of 
electrical isolating regions 15a and 15 should be added 
to the entire cavity length. However, the electrical 

25 isolating regions 15a and 15b are constituted in an extremely 
short interval 5 to lOfxm, and therefore hardly influence 
an error of the entire cavity length. Therefore, in the 
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formula (1), lengths of electrical Isolating regions 15a 
and 15b are omitted. 

[0016] According to the formula (1) , the longitudinal mode 

wavelength shift quantity AX C is smaller by the coefficient 
5 in the second item from the right than the Bragg wavelength 

shift quantity AX B . Thus, if the DBR control current 17 
continues to increase, the longitudinal mode wavelength 
X c will finally result in deviation from a Bragg reflection 
band to long wavelengths (longer side in wavelength), and 

10 laser oscillation will shift to another adjacent 
longitudinal mode on the side of short wavelengths . Namely , 
mode-hopping occurs. Thus, a continuous increase in DBR 
control current 17 will result in a shift of lasing wavelength 
to the shorter wavelengths side, while a continuous 

15 wavelength shift and a discrete mode-hopping are repeated. 
FIG. 16 is a view showing the relationship between DBR control 
current and lasing wavelength in a wavelength tunable 
distributed Bragg reflector (DBR) laser in prior arts. 
Continuous wavelength shift and discrete mode-hopping are 

20 repeated frequently. Lasing wavelength exhibits a 
discrete tuning control characteristic as a whole, which 
is not favorable. A continuous wavelength tuning width 

(continuous wavelength shift band width) AX C on can be 
expressed by the following formula according to Non-Patent 
25 Document 3 . 



8 



[0017] [Formula 2] 

AX CON = ^(Leff-f+LefT-r) 

2n eff L.(L.+L eff _ r + L dr _ r ) l ' 

[0018] In the above formula (2) , A^ C on denotes a continuous 
wavelength tuning range, and n eff denotes an effective 
5 refractive index. Preferable is a tunable laser whose 
continuous wavelength tuning range AX CON is wide . 
[0019] FIG. 17 is a spectral map explaining a wavelength 
shift in a wavelength tunable distributed Bragg reflector 
(DBR) laser in the prior arts. The discrete mode-hopping 

10 explained above results in a discrete wavelength tuning 
control characteristic, because there is a difference 
between the longitudinal mode wavelength and the Bragg 
wavelength in sensitivity of shift in wavelength with regard 
to an injection quantity of the above -described DBR control 

15 current. As shown in FIG. 17A through FIG. 17C, when the 
DBR control current is increased continuously, a shift in 
stop band corresponding to a change in Bragg wavelength 
is greater in sensitivity than a shift in lasing wavelength 
corresponding to a change in longitudinal mode wavelength. 

20 The stop band will shift to the short wavelength side more 
quickly. Thus, as with an increase in DBR control current, 
the lasing wavelength will relatively shift to the long 
wavelengths side in the stop band (Bragg reflection band) . 
If the DBR control current is increased further beyond a 

25 state shown in FIG. 17C, mode-hopping will occur. 
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[0020] A method for preventing the mode-hopping includes 
that in which a phase control region is added to give a 
multi-electrode constitution, thereby controlling the 
wavelength (refer to Non-Patent Document 1). However, in 
5 this method, items to be controlled are increased to make 
the control more difficult. Further, it is difficult to 
estimate a change in individual control currents when a 
device is deteriorated with the lapse of time, thus posing 
problems in actual handling. In order to provide a simple 
10 wavelength tuning control in a wide band by using a single 
control current , as apparent from the previous formula ( 2 ) , 
it is most effective to shorten the active region length 

FIG. 18 is a characteristics curve showing the wavelength 
is tuning characteristics of a wavelength tunable distributed 
Bragg reflector (DBR) laser in which the active region length 
L a is shortened. The shortened active region length L a can 
provide a continuously tunable wavelength range in a wide 
zone, thereby of fering a wide mode -hop free band (continuous 
20 wavelength tunable) as shown in FIG. 18. In the 
experimental result given in Non-Patent Document 3, the 
active region length L a is allowed to change to fabricate 
a DBR laser in which a wide band is obtained according to 
a theoretical value. 
25 [0021] Next, a supplementary explanation will be made for 
the relationship between initial phase conditions of the 
lasing mode, threshold current and carrier density in a 
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conventional wavelength tunable distributed Bragg 
reflector (DBR) laser as shown in FIG. 12. In FIG. 12A, 
a carrier density of the active region optical waveguide 
12 abruptly increases with an increase in the active region 
5 current 16. Once laser radiation occurs, the carrier 
density of the active region optical waveguide 12 is clamped 
(stable at an approximately constant value). A further 
increase in active region current 16 will result in a very 
slow increase in carrier density. The refractive index 

10 of the active region optical waveguide 12 which determines 
initial phase condition of a lasing mode will decrease with 
an increase in carrier density of this region. To be 
specific, a value of the threshold current will determine 
the initial phase conditions, and an increase in the 

is threshold current will result in a shift of the lasing mode 
to the shorter wavelengths side by such increase. 
Thereafter, an increase in the active region current 16 
will hardly affect on the initial phase conditions because 
the carrier density is clamped. 

20 [0022] Where a DBR control current is used to control the 
wavelength tuning, a decrease in reflectivity associated 
with injection of the DBR control current 17 will result 
in an increase in threshold current of the active region 
current 16 . In a DBR laser in which only the length of 

25 the active region optical waveguide 12 is shortened, a gain 
shortage in the active region optical waveguide 12 will 
occur due to an enlarged continuous wavelength tuning width . 
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In order to supplement the gain shortage, the length of 
DBR regions 14a and 14b in the vicinity of the active region 
optical waveguide 12 is made sufficiently long until it 
reaches a saturated effective length value to give a high 
5 reflectivity, thereby preventing a halt of the lasing. 
Therefore, it was impossible to control the change rate 
of a threshold current, although the threshold current may 
increase at the time of controlling the wavelength tuning. 
[0023] Publicly known literature on disclosure of prior 
10 arts includes the following Non-Patent Document 1 through 
Non-Patent Document 3. 

[0024] Non-Patent Document 1: Semiconductor Photonics 
Engineering, pp. 306 to 311, published under general 
editorship of Tatsuhiko Ikegami by Corona Corporation 

15 January 10, 199 5 

Non-Patent Document 2: Semiconductor Laser , pp. 283 to 288, 
compiled by Kenichi Iga (the Japan Society of Applied 
Physics) and published by Ohmsha October 25, 1994 
Non-Patent Document 3 : Research on high performance process 

20 of wavelength tuning semiconductor laser ( doctoral thesis ) , 
pp. 39 to 43, pp. 54 to 59 and pp. 65 to 68, reported by 
Hiroyuki Ishii March 19 99 

DISCLOSURE OF THE INVENTION 
25 Problems to be solved by the Invention 

[0025] The above -described method which shortens the active 
region length L a of the active region optical waveguide 
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12 is unable to make a continuous wavelength shift far beyond 

A^con given in the formula ( 2 ) , but only makes an approximately 
3nm-continuous wavelength shift. In order to provide a 
6mm or more continuous wavelength shift width, it is 
5 necessary to shorten the active region length L a of the 
active region optical waveguide 12 by up to approximately 
30|iim. Then, in order to supplement the gain shortage of 
the active region optical waveguide 12 caused by the 
shortened active region length L a , it is necessary to make 

10 the DBR region 14 longer so as to obtain a high reflectivity. 
Consequently, the above conventional DBR laser results in 
a low-power light source. In addition, unless the active 
region length L a and gain of the active region optical 
waveguide 12 as well as phase conditions of the lasing mode 

15 are strictly determined in advance, problems such as 
mode -hopping occur instantly after start of the wavelength 
shift. 

FIG. 19 is a view showing the wavelength tuning 
characteristics in a case where initial phase condition 

20 is not appropriate in a wavelength tunable distributed Bragg 
reflector (DBR) laser in which the active region length 
L a is shortened. As shown in FIG. 19, unless the 
above -described condition is appropriately designed, 
mode-hopping occurs instantly after start of the wavelength 

25 shift, thus posing practical problems. 

[0026] In view of the above described problems found in 
the prior arts, an object of the present invention is to 



13 



provide a wavelength tunable distributed Bragg reflector 
(DBR) laser which is provided with the wavelength tuning 
characteristic capable of attaining a continuous tuning 
control of the lasing wavelength in a wider band, namely, 
5 a continuous wavelength shift, and which is able to attain 
a 6nm or longer continuous wavelength shift and also higher 
in output power than a conventional wavelength tunable 
distributed Bragg reflector (DBR) laser. 
Means for Solving the Problem 

10 [0027] In order to attain the above object, the present 
invention is constituted with a wavelength tunable 
distributed Bragg reflector (DBR) laser having optical 
waveguides surrounded by a clad layer on a substrate, 
comprising a first passive region optical waveguide 

15 including a first DBR region having a diffraction grating 
in a section whose length corresponds to effective length 
of 95% or more in a saturated effective length value, 
wherein the lasing wavelength is controlled by a DBR control 
current, a second passive region optical waveguide 

20 including a second DBR region having a diffraction grating 
in a section whose length is shorter than the first DBR 
region, wherein the lasing wavelength is controlled by the 
DBR control current , and an active region optical waveguide 
in which the first passive region optical waveguide and 

25 the second passive region optical waveguide are optically 
connected at both ends , wherein emission state is controlled 
by the active region current , irrespective of the DBR control 
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current . 

[0028] Further in order to obtain a high output power, it 
is preferable that the effective length of the diffraction 
grating in the anterior (second) DBR region is formed so 
5 as to give 75% or less in a saturated effective length value , 
and an anti-reflection film is given to end faces of both 
DBR regions . 

It is more preferable that a ratio of the lasing wavelength 
shift quantity and the Bragg wavelength shift quantity is 

10 in a range from 0.9 to 1.1. Where the ratio falls in this 
range, mode -hopping will not occur inmost cases , even though 
complete mode -hop free conditions (ratio of the lasing 
wavelength shift quantity to the Bragg wavelength shift 
quantity is 1) are not obtained. 

15 [0029] Another embodiment of the present invention is 
structured with a wavelength tunable distributed Bragg 
reflector (DBR) laser having optical waveguides surrounded 
by a clad layer on a substrate, comprising a first passive 
region optical waveguide including a first DBR region having 

20 a diffraction grating in a section whose length corresponds 
to effective length of 75% or less in a saturated effective 
length value, wherein lasing wavelength is controlled by 
a DBR control current, a second passive region optical 
waveguide including a second DBR region having the 

25 diffraction grating in a section whose length corresponds 
to effective length of 75% or less in a saturated effective 
length value, wherein the lasing wavelength is controlled 
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by the DBR control current, an active region optical 
waveguide in which the first passive region optical 
waveguide and the second passive region optical waveguide 
are optically connected at both ends , wherein emission state 
5 is controlled by the active region current, irrespective 
of the DBR control current, a high-reflection film which 
coats an end face of the first passive region optical 
waveguide opposite the active region optical waveguide, 
and an anti-reflection film which coats an end face of the 
10 second passive region optical waveguide opposite the active 
region optical waveguide. 

Another embodiment of the present invention is structured 
with a wavelength tunable distributed Bragg reflector ( DBR ) 
laser having optical waveguides surrounded by a clad layer 

15 on a substrate, comprising a passive region optical 
waveguide including a DBR region having a diffraction 
grating in a section whose length corresponds to effective 
length of 75% or less in a saturated effective length value, 
wherein the lasing wavelength is controlled by a DBR control 

20 current, an active region optical waveguide which is 
optically connected to the passive region optical waveguide , 
wherein emission state is controlled by the active region 
current irrespective of the DBR control current, an 
anti-reflection film which coats an end face of the passive 

25 region optical waveguide opposite the active region optical 
waveguide and a high-reflection film which coats an end 
face of the active region optical waveguide opposite the 
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passive region optical waveguide. To be specific, it is 
preferable in making a light source smaller in size to replace 
a long (first) DBR region by a high-reflection film. 
[0030] A proper determination of the reflectivity in the 
5 DBR region makes it possible to optimize an 
increase/decrease rate of lasing threshold, thereby 
providing a light source that satisfies the relationship 
given in the formula ( 3 ) . 

[0031] In order to provide a continuous wavelength shift 
10 in a wider band and also increase the output power of a 
light source, it is preferable that a posterior DBR region 
29 is made sufficiently long so as to yield a high 
reflectivity and an anterior DBR region 24 is made shorter 
in length. This is because where a DBR region is short 
15 on the outgoing side of emitting light, light transmittance 
will be improved. As described above, since the 
reflectivity and the effective length are correlated, the 
length of the anterior DBR region 24 is allowed to increase 
or decrease in a range lower than the critical length 
20 contributing to an increase/decrease in effective length 
(regions 61a and 61b contributing to an increase/decrease 
in effective length as shown in FIG. 13), thereby making 

it possible to control an increase rate Al th of the threshold 
current at the time of controlling the lasing wavelength 
25 shift and also to enlarge a continuous wavelength tuning 
quantity (tuning width) . 

[0032] As explained in the background art, an effective 
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length varies depending on the length of a DBR region. An 
effective length saturated to a certain value where the 
DBR region is made sufficiently long (1000|iim in length) 
is shown as a saturated effective length value in FIG. 15. 
5 The coupling coefficient of the corrugation k tabulated 
in FIG. 15 is in a range which can be relatively easily 
provided by a method for fabricating an ordinary DBR laser 
(wet etching or dry etching) . Keeping in this range the 
effective length of a DBR region to 75% or less in a saturated 
10 effective length value provides a transmittance of 
approximately 50% (or more) , thereby giving a higher output 
power of light . 

[0033] According to the wavelength tunable distributed 
Bragg reflector (DBR) laser of the present invention, it 

15 is possible to control appropriately a change rate of the 
threshold current at the time of controlling the lasing 
wavelength shift , and provide a continuous wavelength shift 
in a wide band in excess of theoretic values of a conventional 
continuous wavelength tuning range (AX CO n in the formula 

20 (2)), besides a higher output power of emitting light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1A is a cross sectional view showing the 
wavelength tunable distributed Bragg reflector (DBR) laser 
25 according to Embodiment 1 of the present invention; 

FIG. IB is a cross sectional view taken along line IB-IB 
in the wavelength tunable DBR laser described according 
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to Embodiment 1 of the present invention; 
FIG. 2A is a view showing the wavelength tunable DBR laser 
according to Embodiment 2 of the present invention; 
FIG. 2B is a top view or a cross sectional view taken along 
5 line IIB-IIB in the wavelength tunable DBR laser according 
to Embodiment 2 of the present invention; 
FIG. 3A is a view explaining spectra in the wavelength shift 
of the wavelength tunable DBR laser according to the 
embodiment of the present invention; 
10 FIG. 3B is a view explaining spectra in the wavelength shift 
of the wavelength tunable DBR laser according to the 
embodiment of the present invention; 

FIG. 3C is a view explaining spectra in the wavelength shift 
of the wavelength tunable DBR laser according to the 

15 embodiment of the present invention; 

FIG. 4 is a characteristics curve showing the wavelength 
tuning characteristics of the wavelength tunable DBR laser 
according to the embodiment of the present invention; 
FIG. 5 is a characteristics curve showing a ratio of the 

20 lasing wavelength shift quantity to the Bragg wavelength 
shift quantity; 

FIG. 6 is a characteristics curve showing the wavelength 
tuning characteristics of the wavelength tunable DBR laser 
according to Embodiment 1 of the present invention; 
25 FIG. 7 is a characteristics curve showing a difference 
between the lasing wavelength according to Embodiment 1 
of the present invention and the theoretical value obtained 
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according to the formula (1); 

FIG. 8 is a characteristics curve showing the I-L 
characteristics of the wavelength tunable DBR laser 
according to Embodiment 1 of the present invention; 
5 FIG. 9 is a characteristics curve showing a comparison of 
the value given in FIG. 7 with the wavelength shift caused 
by change in threshold current in the wavelength tunable 
DBR laser according to Embodiment 1 of the present invention ; 
FIG. 10A is a cross sectional view showing the wavelength 
10 tunable DBR laser according to Embodiment 3 of the present 
invention; 

FIG. 10B is a cross sectional view taken along line XB-XB 
in the wavelength tunable DBR laser according to Embodiment 
3 of the present invention; 
15 FIG. 11 is a block diagram of the integrated wavelength 
tunable DBR laser array according to Embodiment 4 of the 
present invention ; 

FIG. 12A is a cross sectional view showing the constitution 

of a conventional wavelength tunable DBR laser; 
20 FIG. 12B is a cross sectional view taken from line XIIB-XIIB 

in a conventional wavelength tunable DBR laser; 

FIG. 13 is a view showing how light reflection proceeds; 

FIG. 14 is a characteristics curve showing a dependency 

of the effective length on the length of the DBR region; 
25 FIG. 15 is a tabulation of a saturated effective length 

value ; 

FIG. 16 is a characteristics curve showing the wavelength 
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tuning control characteristic of a conventional wavelength 
tunable DBR laser; 

FIG. 17A is a view showing spectra in the wavelength shift 
of a conventional wavelength tunable DBR laser; 
5 FIG. 17B is a view explaining spectra in the wavelength 
shift of a conventional wavelength tunable DBR laser; 
FIG. 17C is a view explaining spectra in the wavelength 
of a conventional wavelength tunable DBR laser; 
FIG. 18 is a characteristics curve showing the wavelength 

10 tuning characteristics of the wavelength tunable DBR laser 
in which the active region is shortened; and 
FIG. 19 is a characteristics curve showing the wavelength 
tuning characteristics in a case where initial phase 
conditions are not appropriate in the wavelength tunable 

is DBR laser in which the active region is shortened. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0035] An explanation will be made for the embodiment of 

the present invention by referring to the following figures . 

20 [0036 ] FIG . 1 is a view showing a structure of the wavelength 
tunable distributed Bragg reflector (DBR) laser in the 
embodiment of the present invention. As shown in FIG. 1, 
on a substrate 21 provided are an active region optical 
waveguide 22 having light -emitting functions such as 

25 current injection and optical excitation as well as passive 
region optical waveguides 23a and 23b which are on both 
ends of the active region optical waveguide 22 and able 
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to control the lasing wavelength by electric current 
injection and optical excitation . A band gap of the passive 
region optical waveguides 23a and 23b is larger than that 
of the active region optical waveguide 22. These active 
5 region optical waveguide 22 and passive region optical 
waveguides 23a and 23b constitute an optical waveguide of 
the wavelength tunable distributed Bragg reflector (DBR) 
laser of the present invention. 

[0037] Further, the posterior passive region optical 

10 waveguide 23b is provided with a DBR region 29, the DBR 
effective length of which is sufficiently long and 
corresponds to 95% or more in a saturated effective length 
value, and with an electrical isolating region 25b. 
Therefore, the DBR region 29 is of a sufficiently high 

15 reflectivity. The anterior passive region optical 
waveguide 23a on the opposite side through the active region 
optical waveguide 22 is provided with an anterior DBR region 
24, whose DBR effective length is shorter than the length 
of the posterior DBR region 29, and with an electrical 

20 isolating region 25a. 

[0038] As explained above, even in the wavelength tunable 
distributed Bragg reflector (DBR) laser driven by the active 
region current 26 at a constant value, the active region 
optical waveguide 22 is increased in carrier density as 

25 well, when the active region current 26 is increased in 
threshold current, and decreased in refractive index in 
association with such an increase in carrier density. 
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[0039] A decreased refractive index of the active region 
optical waveguide 22 is effective in shifting a longitudinal 
mode wavelength X c toward a short wavelength. Thus, if the 
Bragg wavelength shift quantity AX B determined by injection 
5 of the DBR control current 2 7 is allowed to coincide with 
the longitudinal mode wavelength shift quantity Akc 
determined by injection of the DBR control current 27 and 
an increase in threshold current , the Bragg wavelength X B 
and the longitudinal mode wavelength X c are linked and 

10 shifted together, thus making it possible to solve problems 
of mode-hopping. This means that the numerator 
(Leff-f+Leff-r) is equal to the denominator (L a +L e ff-f + L eff _ r ) 
and the longitudinal mode wavelength shift quantity AX. C 
is expressed by the following formula (3). 

15 [0040] [Formula 3] 




(3) 



[0041] This formula (3) means that a refractive index of 
all optical waveguides decrease equally. Namely, the 
refractive index of the active region optical waveguide 

20 22 decreases equally with the decrease in refractive index 
of the anterior DBR region 24 and the posterior DBR region 
29 . Thus , as long as the refractive index of the DBR region 
24 continues to decrease in association with injection of 
the DBR control current 17, the lasing wavelength 

25 (longitudinal mode wavelength) shifts to shorter 
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wavelengths without causing mode-hopping. Therefore, 
unless a device is strictly designed, with initial phase 
conditions taken into account , there is no such a phenomenon 
that mode hopping will occur instantly after start of 
5 wavelength shift as shown in FIG. 19. 

[0042] For realizing the above description, the 
reflectivity of the DBR region is appropriately determined 
to optimize an increase/decrease rate of the threshold 
current , thereby providing a light source which can satisfy 

10 the relationship of the formula (3). In order to obtain 
a continuous wavelength shift in a wide band and a higher 
output power of light at the same time, it is preferable 
that a posterior DBR region 29 is made sufficiently long 
so as to yield a high reflectivity and an anterior DBR region 

15 24 is made shorter in length. This is because where a DBR 
region is short on the outgoing side of emitting light, 
light transmittance will be improved. As described above, 
since the reflectivity and the effective length of the DBR 
region are correlated, the length of the anterior DBR region 

20 24 is allowed to increase or decrease in a range that the 
length is shorter than the critical length contributing 
to an increase/decrease in effective length (regions 61a 
and 61b contributing to an increase/decrease in effective 
length as shown in FIG. 13), thereby making it possible 

25 to properly control an increase rate Al th of the threshold 
current at the time of the wavelength tuning and also enlarge 
a continuous wavelength shift. 
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[0043] FIG. 3 is a view explaining spectra in wavelength 
shift of the wavelength tunable distributed Bragg reflector 
(DBR) laser according to the embodiment of the present 
invention. In the present invention, as shown in FIG. 3A 
5 through FIG. 3C, an increase in DBR control current results 
in a shift of both the Bragg wavelength (stop band) and 
the lasing wavelength toward shorter wavelengths by an equal 
quantity, when the wavelength is shifted. Namely, the 
lasing wavelength will not make a relative movement in 

10 relation to the stop band. In this case, as shown in FIG. 
4, a (mode -hop free) continuous wavelength shift can be 
provided, in which no mode-hopping occurs at all. 
[0044] Therefore, as compared with a conventional laser 
enlarged in continuous wavelength tuning width (wavelength 

15 tunable distributed Bragg reflector (DBR) laser with short 
active region), the DBR laser of the present invention is 
free of mode -hopping when the active region optical 
waveguide 22 is made longer, and provided with an equal 
or better continuous wavelength shift width. Further, a 

20 decrease in length of the anterior DBR region 24 will result 
in improvement in transmittance to provide a high output 
power . 

FIG. 5 is a characteristics curve showing relationship a 
ratio of the lasing wavelength shift quantity to the Bragg 
25 wavelength shift quantity and the length of the anterior 
DBR region. The length of the active region optical 
waveguide 22 is used as a parameter to allow the length 
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to change to 30^im, 54.5jxm and lOO^m. Electrical isolating 
regions 25a and 25b which are in contact with both ends 
of the active region optical waveguide 22 are, respectively, 
given 10|xm, the length of the posterior DBR region 29 is 
5 given 400fxm and the coupling coefficient of the corrugation 
k is given 100cm* 1 . The length of the anterior DBR region 
24 shown in the horizontal axis of FIG. 5 is allowed to 

change from 30, 50, 80, lOOjxm, to 400|uun. Further, the DBR 
region of the wavelength tunable distributed Bragg 
10 reflector (DBR) laser used in the experiment is that whose 
waveguide loss is expressed by the following formula (4) . 
[0045] [Formula 4] 

rAa = 5.27AX Bragg +5.54 (cm -1 ) (4) 



[ 0046 ] In the formula ( 4 ) , the left side denotes the waveguide 
15 loss in relation to propagating light, with consideration 
given to light confinement factor of the waveguide, whereas 

the right side AX Bragg denotes the Bragg wavelength shift 
quantity. 

It is apparent from FIG. 5 that a decrease in length of 
20 the anterior DBR region 24 will approximate the requirements 
of the formula (3), thereby providing the continuous 
wavelength shift width in a wider band. Namely, where the 
length of the active region optical waveguide 22 is given 
30^m, an ideal wavelength tuning characteristic which can 
25 satisfy the requirements of formula (3) is obtained in a 
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range where the anterior DBR region 24 is 200jxm or longer 
in length. However, an excessively short length of the 
active region optical waveguide 22 will result in shortage 
of the gain, and a 4nm shift of the lasing wavelength will 
5 result in a halt of the laser emission. 

When the length of the active region optical waveguide 22 
is given lOOfxm, a halt of lasing will not occur, but a ratio 
of the lasing wavelength shift quantity to the Bragg 
wavelength shift quantity is in a range from 0.6 to 0.7, 
10 thus, making it impossible to provide an ideal requirement 
(ratio is 1) . Further, a 3nm shift of the wavelength will 
cause mode-hopping. 

In contrast, where the length of the active region optical 
waveguide 22 is given as 54.5jxm, it is possible to provide 

15 a continuous wavelength shift in a wide band. Thus, where 
the length of the active region optical waveguide 22 is 
given as 54.5|im, a more detailed explanation will be made 
for the characteristic of a device having a wider band of 
the continuous wavelength shift and a relatively high output 

20 power (a case where the length of the anterior DBR region 
24 is 80fxm) by referring to the following embodiments. In 
this case, a ratio of the lasing wavelength shift quantity 
to the Bragg wavelength shift quantity is 0.9. 
Embodiment 1 

25 [0047] FIG. 1 is drawing showing a constitution of the 
wavelength tunable distributed Bragg reflector (DBR) laser 
according to Embodiment 1 of the present invention. In 
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Embodiment 1 of the present invention, an explanation will 
be made for a case where InP is used as a substrate 21 to 
fabricate a light source having the lasing wavelength of 
l.SS^un. FIG. 1A is a cross sectional view showing a face 
5 vertical to the substrate 21 including optical waveguides. 
Further, FIG. IB is a cross sectional view ( top view) showing 
a face parallel to the substrate 21 including the cross 
section view taken along line IB- IB in FIG. 1A. 
[0048] InGaAsP passive region optical waveguides, 23a and 
10 23b, having the band gap wavelength of 1 . 3fxm are provided 
on both ends (front and rear) of the InGaAsP active region 

optical waveguide 22 having the band gap wavelength of 1 . 57\xm. 
The active region optical waveguide 22 is given as 54.5[jm 
in length, electrical isolating regions 25a and 25b which 

15 are in contact with the both ends are given 10|om, the anterior 
DBR region 24 and the posterior DBR region 29 are, 
respectively, given as 80^im and 400^im, and the coupling 
coefficient of the corrugation k is given 100cm" 1 . FIG. 
15 shows that a saturated effective length value obtained 

20 is 49.9pm when the coupling coefficient of the corrugation 
k is 100cm" 1 . The DBR effective length obtained is 37\xm 
from the relationship of FIG. 14 when the anterior DBR 
region 24 is 80\xm in length. Thus, in this case, the 
effective length of the anterior DBR region 24 corresponds 

25 to approximately 75% of a saturated effective length value . 
Although not illustrated in FIG. 1, electrical isolating 
regions, 25a and 25b, are a region provided by partially 
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removing an InGaAsP layer formed on an upper clad layer 
for giving ohmic contact to electrodes 28a , 28b and 28C. 
Electrical isolating regions which separate the DBR control 
current 2 7 from the active region current 26 are formed 
5 as 25a and 25b by removing a part of the InGaAsP layer in 
which the electrodes 28a, 28b and 28c are not formed. 
[ 0049 ] The anterior DBR region 24 was given as 80\xm in length 
and fabricated so as to induce an appropriate change in 
threshold current at the time of controlling the lasing 

10 wavelength shift, thereby making measurement. In this 
experiment , used was a wavelength tunable distributed Bragg 
reflector (DBR) laser which was operated by a single mode 
and in which waveguide widths were all l.Sjxm. The active 
region optical waveguide 22 may be made wider in waveguide 

15 width than the passive region optical waveguides 23a and 
23b and constituted by an artificial single mode waveguide, 
etc. , to which self -imaging effects are given. 
[0050] The active region optical waveguide 22 and passive 
region optical waveguides 23a and 23b are optically spliced 

20 by butt joint, and a device is given a burying structure 
as with an ordinary wavelength tunable distributed Bragg 
reflector (DBR) laser. The device given a ridge structure 
also provides similar effects as with that given a burying 
structure. Further, anti-reflection films 20a and 20b are 

25 provided, respectively, on end faces of both the DBR regions . 
[ 0051 ] The active region optical waveguide 22 and the passive 
region optical waveguides 2 3a and 2 3b are constituted by 
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semiconductor crystals different in band gap wavelength. 
The active region optical waveguide 22 is provided with 
light-emitting functions such as electric current injection 
and optical excitation. The anterior DBR region 24 and 
5 the posterior DBR region 29 are provided with a wavelength 
tuning function in association with a change in refractive 
index due to the injection of the DBR control current 27. 
[0052] FIG. 6 is a characteristics curve showing the 
wavelength tuning characteristics of the wavelength tunable 

10 distributed Bragg reflector (DBR) laser according to 
Embodiment 1 of the present invention. The figure shows 
experimental values of the lasing wavelength shift quantity 
and those of the Bragg wavelength shift quantity. It also 
shows calculated values of the lasing wavelength shift 

is quantity obtained by substituting experimental values of 
the above Bragg wavelength shift quantity in the formula 
(1) . In this case, a ratio of the lasing wavelength shift 
quantity to the Bragg wavelength shift quantity is 0.9, 
in which continuous wavelength shift substantially free 

20 of mode-hopping (mode-hop free) is available. Injection 
of the DBR control current 27 up to 60mA makes it possible 
to provide a 6nm-continuous wavelength shift width. In 
FIG. 6, the DBR control current 2 7 shown in the horizontal 
axis starts from -9mA because of leakage current from the 

25 active region optical waveguide 22 . The DBR control current 
2 7 in a state of -9mA corresponds to a zero bias (grounded 
state) of the DBR region. It is apparent from FIG. 6 that 
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the experimental values exhibit a continuous wavelength 
shift which is larger than a continuous wavelength shift 
(calculated value) estimated from the formula (1). 
FIG. 7 is a characteristics curve explaining a difference 
5 between experimental values of the lasing wavelength and 
theoretical values obtained according to the formula (1) 
in the wavelength tunable distributed Bragg reflector ( DBR ) 
laser according to Embodiment 1 of the present invention. 
The vertical axis shows a difference between experimental 

10 values of the continuous wavelength shift quantity of the 
lasing wavelength and theoretical values of continuous 
wavelength shift quantity of the lasing wavelength obtained 
according to the formula (1). The horizontal axis shows 
the DBR control current. It is apparent from FIG. 7 that 

15 an increased DBR control current 2 7 results in the continuous 
wavelength shift quantity which is about 2mm larger than 
calculated values of the continuous wavelength shift 
quantity estimated by the conventional formula (1). 
[0053] FIG. 8 is a characteristics curve showing the I-L 

20 characteristic of the wavelength tunable distributed Bragg 
reflector (DBR) laser according to Embodiment 1 of the 
present invention. In order to demonstrate the effect of 
the present embodiment 1 in detail, a dependency of light 
output power (I-L characteristics) on the active region 

25 current 26 is allowed to change from a grounded state of 
the DBR control current 27 to 60mA to make measurement. 
When the active region current 26 reaches a threshold current , 
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the present wavelength tunable distributed Bragg reflector 
(DBR) laser starts to emit* It is confirmed from FIG. 8 
that an increase in DBR control current 27 will result in 
a gradual increase in threshold current from 7mA to 20mA 
5 to induce a change in threshold current of 13mA. Further, 
a high light output power from lmW up to 4 . 7mW is obtained 
even at the time of controlling the lasing wavelength shift . 
FIG. 9 is a characteristics curve showing a comparison of 
the lasing wavelength shift quantity given in FIG. 7 with 

10 the lasing wavelength shift quantity caused by a change 
in threshold current in the wavelength tunable distributed 
Bragg reflector (DBR) laser according to Embodiment 1 of 
the present invention . Plots of the above-described lasing 
wavelength shift quantity due to a change in threshold 

15 current (threshold current values obtained when the DBR 
control current 2 7 is grounded are calculated, with leakage 
current to the DBR region 27 taken into account) and plots 
given in FIG. 7 are shown on the same graph. These plots 
are in satisfactory agreement. 

20 [0054] As explained so far in detail, it is apparent that 
the wavelength tunable distributed Bragg reflector (DBR) 
laser of the present embodiment 1 is able to provide a 
continuous wavelength shift in a wider band than a 
conventional wavelength tunable distributed Bragg 

25 reflector (DBR) laser. A conventional theoretical value 
of the mode-hop free continuous wavelength shift quantity 
(range) is calculated according to the formula (2) to give 
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4nm (lasing wavelength tuning range derived from a change 
in refractive index of the DBR region) . As compared with 
this theoretical value, an experimental value of the 
continuous wavelength shift quantity in the wavelength 
5 tunable distributed Bragg reflector (DBR) laser according 
to Embodiment 1 is larger by approximately 2nm and provided 
with a wider continuous wavelength shift range. Further, 
a sufficiently high light output power is also obtained. 
Embodiment 2 

10 [0055] In Embodiment 2, a wavelength tunable distributed 
Bragg reflector (DBR) laser was fabricated by coating the 
facet with a high-reflection film but removing the posterior 
passive region optical waveguide 23b provided in the 
wavelength tunable distributed Bragg reflector (DBR) laser 

15 according to Embodiment 1 . 

[ 0056 ] FIG . 2 is a view showing a structure of the wavelength 
tunable distributed Bragg reflector (DBR) laser according 
to Embodiment 2. FIG. 2A is a cross sectional view showing 
a face vertical to the substrate 31 including optical 

20 waveguides. FIG. 2B is a cross sectional view (top view) 
showing a face parallel to the substrate 31 including the 
cross section taken line IIB-IIB in FIG. 2A. As shown in 
FIG. 2A, Embodiment 2 is the same as Embodiment 1 in structure 
in that the active region optical waveguide 32 and the passive 

25 region optical waveguide 33 are provided and the DBR region 
34 is formed in the passive region optical waveguide 33. 
Embodiment 2 of the present invention is not provided with 
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the posterior passive region optical waveguide having a 
long DBR region as provided in Embodiment 1 but alternatively 
provided with the high-reflection film 39 with the 
reflectivity of 90%. An end face of the passive region 
5 optical waveguide 33 is coated with an anti-reflection film 
30. An upper clad layer 9 is formed above and on the side 
of the active region optical waveguide 32 and the passive 
region optical waveguide 33. Electrodes 38a and 38b are 
also formed on the clad layer 9 , and the DBR control current 
10 37 and the active region current 36 are injected from the 
respective electrodes . 

The length of the active region optical waveguide 32 was 

given 40|iim and other structures and device parameters were 
the same as those in Embodiment 1. 
15 [0057] The wavelength tunable distributed Bragg reflector 
(DBR) laser according to Embodiment 2 was used to obtain 
a 6nm-continuous wavelength shift range and lmW or more 
output power, as obtained in Embodiment 1. 
Embodiment 3 

20 [ 0058 ] FIG . 10 is a view showing a structure of the wavelength 
tunable distributed Bragg reflector (DBR) laser according 
to Embodiment 3 of the present invention. FIG. 10A is a 
cross sectional view showing a face vertical to the substrate 
41 including optical waveguides. FIG. 10B is a cross 

25 sectional view (top view) showing a face parallel to the 
substrate 41 including the cross section taken along XB-XB 
of FIG. 10A. 
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The wavelength tunable distributed Bragg reflector (DBR) 
laser of the present embodiment 3 is provided on a substrate 
41 with ari active region optical waveguide 42 and passive 
region optical waveguides 43a and 43b at both ends of the 
5 active region optical waveguide 42 , as similar to Embodiment 
1. The passive region optical waveguides 43a and 43b are 
provided, respectively, with DBR regions 44a and 44b. An 
upper clad layer 9 is formed above and on the side of the 
active region optical waveguide 42 and passive region 

10 optical waveguides 43a and 43b. Further, electrodes 48a 
and 48b for injecting the DBR control current 47 and an 
electrode 48c for injecting the active region current 46 
are formed above the upper clad layer 9 . The electrode 
48a and 48b and the electrode 48c are electrically isolated 

is by electrical isolating regions 25a and 25b which are a 
high-resistant region. An end face of the passive region 
optical wavelength 43a is coated with an anti-reflection 
film 40, and another end face of the passive region optical 
waveguide 43b is coated with a high-reflection film 49. 

20 Embodiment 3 is provided with the passive region optical 
waveguides 43a and 43b in which the respective DBR regions 
are given a length corresponding to an effective length 
shorter than a saturated effective length value. To be 
specific, in Embodiment 1, the DBR region of one passive 

25 region optical waveguide is given a length corresponding 
to effective length which is 95% or more in a saturated 
effective length value , and that of the other passive region 
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optical waveguide is shorter than the length . In contrast , 
Embodiment 3 of the present invention is provided with 
passive region optical waveguides 43a and 43b in which both 
of the DBR regions are given a length corresponding to 
5 effective length shorter than a saturated effective length 
value. It is constituted in such a way that an end face 
of one passive region optical waveguide 43 is coated with 
a high-reflection film 49 and another end face of the other 
passive region optical waveguide 43a is coated with an 

10 anti-reflection film 40. Emitting light is outputted from 
an end face having the anti-reflection film 40. Since the 
DBR effective length is shorter than a saturated effective 
length value in the passive region optical waveguide 43b 
on the side having the high-reflection film 49 , the 

15 reflectivity is not sufficient. However, a sufficient 
reflectivity can be provided by coating the facet with the 
high-reflection film 49. 

The wavelength tunable distributed Bragg reflector (DBR) 
laser according to Embodiment 3 of the present invention 
20 is constituted in such a way that the DBR region on a high 

reflection side is given as 80^im in length, and both the 
DBR regions, namely, both the passive region optical 
waveguides 43a and 43b are given the same length. As a 
matter of course, the present invention is not limited to 
25 a case where both of the passive region optical waveguides 
are given the same length (in Embodiment 3 of the present 
invention, both of the DBR regions happen to be the same 



36 



in length) . Other device parameters are the same as those 
in Embodiment 1 . 

According to the structure of Embodiment 3, it is possible 
to downsize an entire device of the wavelength tunable 
5 distributed Bragg reflector (DBR) laser. The wavelength 
tunable distributed Bragg reflector (DBR) laser according 
to Embodiment 3 has provided a continuous wavelength shift 
range of 6mm and a high light output power of lmW or more, 
as similar to Embodiment 1 . 

10 Embodiment 4 

[0059] FIG. 11 is a top view showing a structure of the 
integrated wavelength tunable distributed Bragg reflector 
(DBR) laser array according to Embodiment 4 of the present 
invention. The wavelength tunable distributed Bragg 

15 reflector (DBR) laser array is provided on a single substrate 
with a plurality of wavelength tunable distributed Bragg 
reflector (DBR) lasers 50a, 50b, 50C, 50d, 50e and 50f 
according to the above-described present invention. A 
plurality of wavelength tunable distributed Bragg reflector 

20 (DBR) lasers constitute a DBR-LD array section 51. The 
respective outputs of the wavelength tunable distributed 
Bragg reflector (DBR) lasers 50a, 50b, 50c, 50d, 50e and 
50f , are coupled by an optical coupler 55, constituting 
an optical coupler section 52 which is converted to one 

25 port . Further, the output from the optical coupler section 
52 is connected to a light amplifying section 53 which adjusts 
the level of coupled power . Electrodes 57a, 57b, 57c, 57d, 
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57e and 57f for injecting a DBR control current are arrayed 
on DBR regions of the respective wavelength tunable 
distributed Bragg reflector (DBR) lasers 50a , 50b , 50c , 
50d, 50e and 50f . The electrodes 56a, 56b, 56c, 56d, 56e 
5 and 56f for injecting an active region current are arrayed 
on an active region. The present wavelength tunable 
distributed Bragg reflector (DBR) laser array is 
constituted to be symmetrical, to which the present 
invention is not limited. 

10 The respective wavelength tunable distributed Bragg 
reflector (DBR) lasers 50a, 50b, 50c, 50d, 50e and 50f are 
different in pitch of the respective diffraction gratings 
and also different in continuous wavelength tuning range 
in which the wavelength is tunable. To be specific, the 

15 6 outputs from optical sources in which DBR regions are 
different in pitch of the diffraction grating are coupled 
by means of the optical coupler 55 into one port, by which 
a wider-band wavelength tuning DBR-LD array capable of 
attaining a wavelength tuning is fabricated. In Embodiment 

20 4 of the present invention, the photo coupler section 52 
is constituted by S- shape curved optical waveguides and 
MMI couplers (multi-mode interference coupler) . The 
coupler section is not limited to a MMI coupler, as long 
as light can be concentrated on one port . An output end 

25 58 is provided with the light amplifying section 53 for 
adjusting a light output power. An anti -reflection film 
is given to an end face of the output end 58 of the light 
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amplifier and end face of the DBR-LD array 51 . 
Respective integrated lasers were able to attain a 
6nm- continuous wavelength tuning, and a total of 36nm (6 
x 6nm = 36nm : 1530- 1566nm) continuous wavelength tuning 
5 width is provided. At the same time, light output power 
of lOmW or more is provided. The respective wavelength 
tunable distributed Bragg reflector (DBR) lasers 50a, 50b, 
50c, 50d, 50e and 50f in Embodiment 4 of the present invention 
is not limited to the wavelength tunable distributed Bragg 
10 reflector (DBR) laser according to Embodiment 1, but that 
according to Embodiment 2 or Embodiment 3 may be used. 
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